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Why LA-ICP-MS?

Current
iCP-

®

tandard is bulk tissue sampling,
MS, et

ficed since MMER of 2002

it conversion error (high mois

Datail can be lost, some ¢ fons can't be
answered with bu

Marcury analyze oly {Cost)
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Why LA-ICP-MS?

Potential Benefits

* A3

i sarnple volume (<G.01 mm?)

armiple, rutty
s {more detail}

» Do not ¢

T

This sample has been
analyzed 25 times, so far!

(<19 volume consumed)
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Why LA-ICP-MS?

Challenges to usi 9 L Aml F-MS
= No standards (R
tissue for LA ]
» Moisture in samples creates mdQ or ablation
> Matrie-msz mhm (,f,

{for soft biclogica

« Nosimilar |
« No referenrf
« Nolab

of hiol
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We DID it! (or did we?) — enter, VALIDATION

TrichAnalytics inc. — MET-002.02

Acknowledgements
- Incredible Trich tearn

- NAMC-SWG

Teck Re

SQUICEes

~ Golder Associates

ED_013890_00019715-00006



Accuracy
The measurement of how close the reportable (observed) resuit is to the
rue result,

Method: DORM-4 (dogfish, muscle protein)
lest NIST 1946 (wet, hormogenized, fish muscle)
NIST 15660 (dry, powder, oyster)
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Precision

The measurement of variability of data from an experiment that has been

repeated several times.

Precision (%) = St Dev of Reportable concs. X 100

Avg of Reportable concs
Method: DORM-4 (dogfish, muscle protein)
lest NIST 1946 (wet, hormogenized, fish muscle)
NIST 15660 (dry, powder, oyster)

Py tios i,
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Accuracy/Precision - Results

DORM-4 335+009 3451040 371 2.6

NIST 1946 1941016 1.72 +0.15 113 8.1

NIST 1566b 2.29+0.08 2.06+0.15 111 33
NIST 2976 258+0.17 1.80+0.15 144 6.7
N = 10 per CRM
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Repeatability

Pf“piﬁd di
<<mdntﬁms owr a short inten

Repeatability (%) = St Dev all sample se

2xpresses the precision under the same operating
val of time - "intra-assay precision”

ppm) x T

,

J
Avg aill sample sets

Method: DORM-4 (dogfish, muscle protein)

Test NIST 1946 (wet, h@r“ﬁ@fgm“a;ch *i<:h muscie)
NIST 1566b {dry, powder, oyste
NIST 2976 (dry, powder, musocb

‘f/V‘
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DORM 4

NIST 1546

NIST 15660

NIST 2976

N =30 per CRM

Repeatability - Results

4534019 345 35
217+010 1.715 8.4
233 +007 2.06 31
258+012 1.80 4.8

102

127

113

144
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Sample Stability

The measurement of sample stability over time
concentration.

£ oy £ /
ifference (9

Relative Fercent [D

= [15 Reportable

- chanae in

2rd Reportable! x 10

ey

jit

Method: DORM-4 (dogfish, muscle protein)
lest 4 fish muscle san g“\im (6 Ay q 23’0"'?9)

4 fish ovary samples (19 Jul 2019
invertebrate sa "i"lgl‘ié:?t; (18-19 Ju

_:1_

i 2019}

I Reportable

ED_013890_00019715-00012



Sample Stability - Results

Relonium

’ Fxcellent comparability
30 o Uy S : a1 -
- Little variability (R = 0.96)
Ovaries

e Large concentration range:
0.596 t0 38.9 ppm

JubydBogust 2018 conce

Invertebrates

) =12
. @ Muscle N=12

3 23 23
dovember J0L% conceniration {ppms
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Measurement of

Detection Limits

method detection fimits to BC MOE (2016) Detection
Quality Objectives for Aguatic Tissue ({dry weight converted - 80% mca)

Element BC MOE Element BC MOE
DQO DQO
Lithium - Nickel 0.05
Sodium 10 Copper 0.05
Magnesium 10 Zinc 05
Aluminum 2 Arsenic 0.025
Phosphorus 25 01
Potassium 50 Strontium 0.05
Calcium 10 Molybdenum 0.05
Vanadium o1 Cadmium 0.01
Chromium Q.05 Tin 0.1
Manganese 01 Mercury 0.01
fron 5 Lead 0.02
Cobait Q.02 Uranium 0.005

s
-~

ED_013890_00019715-00014



Detection Limits - Results

Selenium

With outlier (037 ppm:
goutlier b K ppms

015 = 008 ppm DL

Without outlier:

e 012 =003 ppm DL
®
® ® d ®
® BC MOE DOO = 0.2 ppm dw
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Internal Performance Testing

Comparison of reportable results using LA-ICP-MS 10 an independent

CALA-certified laboratory (ICP-MS, etc)

Linear regression — slope and r°

Method: DORM-4 {dogfish, muscle protein)
lest 12 benthic invertebrate samples

54 fish ovary samples
54 fish muscle samples
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Internal Performance Testing - Results

Sedenium - inverishraies Sedeniu-- Fish Dvary Selanigre - Figh Muscle

%

@

%% ®

g @uw
EE
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Linearity and Range

Measuring the relationship through calibration curve using standard
linear 1 ’“’ﬂi(‘%ﬁ on analysis. And what range of concentrations can you
accurate vl

y quantity:

selenium — 4 point calibration using CRMs
160 point calibration using CRMs and samples
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Linearity and Range - Results

Selenium

Good linearity as per high R? value

-
R

; But small range with just CRMs:

i
i
s

1.7 10 3.5 pom
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Linearity and Range - Results

Selenivm

85 1oy 0505
A% = 19559

Excellent linearity as per high R*
value and slope of 1

25X larger linear range:
0.6 to 47 ppm

Trish Concantration {poo}

.
[

N=160

[ i 23 33 40 56
frter-1ak Lone or Trae Walue {ppord
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Robustness

Consistency in results over time where machine variances occur

laser settings)

Relative Percent Difference (%) = [Modifled ~ Unmodified] x 100
Average Resull

Method: Standard laser settings (unmodified), DORM-4
Test: Laser Power x 2

Spot Size X 2

Laser Speed x 2

oy
(£.Q.,
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Robustness - Results

Unmodified 3694008 3.834+0.09 3,88+ 013
Decrease 3572007 3.53+0.05 3612017
Increase 3602018 379+016 386013

Unimoditied 100% 100% 100%
Decrease 96.7% 91.8% 92 8%
Intrease 97 5% 99% 99 5%

ED_013890_00019715-00022



summary

75% compiete, 25 e

Accuracy Very Good (3/4 CRMS)
Precision Excellent
Repeatability Excellent
Sample Stability Excellent

Detection Limits Very Good (slightly abave)

Internal Performance Testing Excellent
Linearity and Range Excellent
Robustness Excellent

ements, submitting to CALA for accreditation
Preliminary Results: sample volume ~0.004 mm?
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Processing Speed

Qe

Manua

analysis

» Calibration slope

» Detection limits

» Concentration calculations
» Accuracy/Precision

 Duplicates

gra and Excel) - Who you
3 hours processing after callin’ slow?
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Processing Speed

In-House Data Automation/Frogramming:
3 hours to less than 1 min

» Calibration slops

on fimits

. Told you |

. was worth

. , hiring!
Fed ) Lo 8
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